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[Abstract] 

The invention relates to technology for producing optical materials that are transparent in 
the ultraviolet, visible and infrared regions of the spectrum, namely highly pure solid crystals of 
fluorides of alkaline earth and rare earth metals, in particular magnesium fluoride. The method 
includes heating the starting materials, vacuum evaporation of it at a temperature of 1200- 
1300°C with a precipitation rate of the basic crystalline material of 0.6-2.4 mm/h on a substrate 
heated to 1 100-1 180°C, which is made of an amorphous material, for example carbon fiber 
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fabric. The resulting single crystals of magnesium fluoride are oriented in the plane, have 
improved strength and radiation resistance. 2 dependent claims, 2 illustrations, 1 table. 

The invention relates to the technology for production of optical materials that are 
transparent in the ultraviolet (UV), visible and infrared (IR) regions of the spectrum, namely for 
production of highly pure solid crystals of fluorides of alkaline earth and rare earth metals, in 
particular magnesium fluoride (MgF2). 

The following demands are made on optical crystalline materials: 

high transmittance in the UV, visible and IR regions of the spectrum; 

high mechanical strength; 

high resistance to electromagnetic and y-radiation; 

specified orientation of individual regions of the crystalline materials. 

There is a known method of growing crystals of alkaline earth and rare earth fluorides 
that involves heating the starting materials - a highly pure powder, for example magnesium 
fluoride - to a temperature above the melting point of the given material. A constant flow of 
hydrogen fluoride is created in the furnace. The crucible containing the melt is slowly advanced 
at a controlled speed through the field of the maximum temperature gradient into the 
crystallization zone. Single-crystal MgF2 obtained by this method has high transmittance in the 
UV, visible and IR regions of the spectrum. In connection with the presence of the large 
temperature gradient in the growth zone - on the order of 400°C, the blanks come out in block 
shape with arbitrary orientation and are not uniform with regard to stresses within the material. 
In addition, in the course of growing them nonvolatile impurities are not removed and become 
unevenly distributed in the direction of crystal growth. This leads to a crystal with insufficient 
radiation resistance. 

There is a known method of purifying fluorides by sublimation of starting material heated 
in a platinum crucible in a stream of dry hydrogen fluoride. This method does not provide for the 
production of pure fluorides as more uniform single crystals, since oxygen-containing 
compounds are subject to fluorination and precipitate in the growth zone. The method is not 
applicable for the production of MgF2 with a high growth rate. 

Closest to the disclosed invention with regard to technological process and totality of 
important characteristics is a method for producing an optical element that includes deposition of 
precalcined zinc sulfide onto a heated substrate by means of vacuum evaporation. The 
evaporation is carried out at a rate of 0.02-0.10 mm/h at an evaporation temperature of 1000- 
1080°C and a substrate temperature of 650-850°C. The substrate is made of polycrystalline zinc 
selenide. A structural optical element in the form of a disk with a protective layer of zinc sulfide 
that has high reliability in protecting the elements under unfavorable weather conditions is 
obtained by this method. 
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The described technological process does not allow a single crystal element of fluorides 
of alkaline earth metals, in particular MgF 2 , to be obtained because of the presence of large 
temperature gradient (up to 350°C). 

The task of the invention is the possibility of producing magnesium fluoride single 
crystals with improved strength and radiation resistance and also a crystal that is oriented in the 
plane. 

This task is solved with the aid of a method that consists of heating the starting material, 
vacuum evaporation of it at a controlled rate onto a heated substrate, and in which, in contrast to 
the prototype, powdered or crystalline magnesium fluoride is used as the starting material, 
evaporation is carried out at an evaporation temperature of 1200-1 300°C at a rate of deposition 
of the basic crystalline substance (crystal growth) of 0.6-2.4 mm/h onto the substrate heated to 
1 100-1 1 80°C. In this case it is expedient to use a substrate of an amorphous material. Such a 
material can be a carbon fiber fabric. 

Also possible is a solution to this task using a substrate of the same crystalline material as 
the crystal being grown, with the specified orientation. However, making the substrate of an 
amorphous material is simpler and cheaper. Such material can be a ceramic (A1 2 0 3 ) or 
amorphous metal. 

With this method one obtains high strength and radiation-resistant material owing to the 
creation of a defect- free structure containing significantly pure impurities, in particular oxides, 
fluorides, carbides, etc. Purification of the basic substance is achieved owing to the elimination 
of impurities that have different degrees of volatility, since the basic substance has a greater 
degree of volatility than these impurities do. 

The resulting single crystal has orientation in the (110) plane perpendicular to the axis of 
growth, which is achieved by the realization of crystal orientation that is highly favorable for the 
standpoint of energy with precipitation of the substance from the vapor in a low temperature 
gradient zone (AT > 20-200°C) and also the use of a substrate of amorphous material. The 
amorphous material does not interact with the magnesium fluoride, does not have an energy 
effect on the growing crystal, since long-range-order forces are absent. 

The cleavage plane of the single crystal is perpendicular to the substrate, which from the 
standpoint of energy is very advantageous for orientation of the crystal relative to the substrate. 

This temperature regime is optimum for the production of single crystals of magnesium 
fluoride with high optical quality that are oriented in the (110) plane. The rate of condensation is 
selected and controlled experimentally. The temperature regimes are chosen by experimental 
means with the aid of the construction of a container corresponding to the setting of the heater, 
shields, and thermocouples. Here the substrate can be arranged both in direct proximity to the 
supplied starting material and at a maximum distance from it that is equal to 2.5 diameters of the 
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container, which supports the necessary temperature gradient. However, this distance should not 
exceed this maximum, since otherwise this will lead to contamination of the basic substance 
from the walls of the container. 

Figure 1 shows a general view of an evaporation-precipitation unit, which consists of 
container 1 with cover 2, under which substrate 4 is affixed with the aid of clamp ring 3. Single 
crystal 5 forms on substrate 4. The starting material 6 is placed at the bottom of container 1, 
coaxial to which in the direct proximity of its walls is situated heater 7. Shields 8 surround 
container 1 with heater 7. On the outside of the bottom of container 1 there is a thermocouple 9 
for heating the starting material 6, and near substrate 5 and the wall of the container 1 is a 
thermocouple 10 for heating the substrate 4. 

Figure 2 represents the dependence of the transmittance of single-crystal MgF 2 on 
wavelength for different doses of y -radiation. Curves (a) and (b) are characteristics of the single 
crystal obtained by the proposed method at irradiation of 1 .1 x 10 5 Gy and 5.1 x 10 5 Gy, 
respectively, while curves (c) and (d) are characteristics of a single crystal obtained by growing it 
from the melt for the same y -radiation values, respectively. 

The proposed method of producing MgF 2 single crystals is carried out in the following 
way. Fragments of magnesium fluoride obtained from the melt are charged into quasi-closed 
container 1 with cover 2, which is made of graphite and covered with a layer of pyrocarbon. 
Substrate 4 of amorphous material, for example carbon fiber fabric, is positioned in the vicinity 
of cover 2 within the container with the aid of clamp ring 3, which is made of a neutral material, 
for example graphite. The thickness of the cloth is 0.8-15 mm, with thread thickness of 0.5- 

1 mm. The cloth that is chosen is pyrographitized cloth, type PGT. The specified 
temperature gradient is created by placing the container in the corresponding region of the 
formed temperature field by choosing the design of heater 7 and shield 8. The assembly is placed 
in a sealed chamber, in which a vacuum is created with the aid of prevacuum pumps and 
diffusion oil pumps. At room temperature a residual gas pressure P=0.1 Pa was achieved in the 
unit while at the evaporation temperature the vacuum was on the order of 1-10 Pa. The 
temperature regime is created with the aid of two thermocouples 9 and 10, which are respectively 
situated around the starting material 6 and substrate 4. Heating begins when the pressure P=0.1 
Pa is reached and continues for 8 to 12 hours. The length of the evaporation process is 8 to 24 
hours. At the optimum deposition rate of 0.6-2.4 mm/h a compact disk of MgF 2 single crystal 8- 
25 mm thick is obtained. When 1.5 kg crystal fragments of starting material were charged, a 
single-crystal disk 100 mm in diameter in 10 mm thick was obtained. 

The appearance of the single crystal is a disk 100 mm in diameter and 10 mm thick with 
the following characteristics: density 3.18 g/cm 3 ; microhardness 3.7 GPa; bending strength 
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55.5 MPa; crack resistance (Ki c ) 0.91 8 MPa ■ vol 12 , which confirms the high quality of the 
resulting MgF2 single crystal. 

The results of specific conditions are summarized in the table. Of the examples in the 
table the following are nonoptimum: No. 1 - the evaporation and deposition temperatures are 
insufficient to obtain a stable product; Nos. 5 and 6 - the evaporation temperature exceeds the 
disclosed regime at the maximum temperature of the substrate and exceeds this level, which 
leads to deposition of coarse-block materials with disrupted orientation in individual regions; 

No. 7 - analog - crystals that are randomly oriented relative to the axis of growth 
obtained from the melt and have less strength and less radiation resistance, which is particularly 
noticeable from the coefficient from the transmittance in the 220-280 \m region (see Figure 2). 
Crystals obtained under the optimum regime in accordance with the disclosed method (Examples 
2-4) have higher strength and radiation resistance and are strictly oriented perpendicular to the 
axis of growth. 

Properties were measured in correspondence with generally accepted techniques. The 
radiation resistance was determined by measuring x of samples after irradiation with 60 Co y- 
radiation for 6-24 h. Transmittance coefficients of the materials were determined with the aid of 
SF-26 and IKF-20 spectrophotometers. Microhardness and crack resistance were determined on 
a PMT-3 microhardness gauge. The microhardness was determined at a load of IN, and a crack 
resistance at 5.6N. Bending strength was tested by four point bending on an Instron universal test 
machine. Samples for testing were made in the form of parallelepipeds. The density of the 
samples was determined by hydrostatic weighing in toluene. 

Claims 

1. A method of growing crystals from the vapor phase, which includes heating the 
starting material, vacuum evaporation of it at a controlled.rate onto a heated substrate, which is 
distinguished by the fact as the starting material one uses a powder or broken crystals of 
magnesium fluoride, the evaporation is carried out in an evaporation temperature of 1200- 
1300°C with a rate of deposition of the basic crystal material of 0.6-2.4 mm/h onto substrate 
heated to 1 100-1 180°C. 

2. A method as in Claim 1, which is distinguished by the fact that deposition of the basic 
crystalline substance takes place onto a substrate make of an amorphous material. 

3. A method as in Claim 2, which is distinguished by the fact that deposition of the basic 
crystalline substance takes place onto a substrate make in the form of a segment of cloth of 
carbon fiber. 
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Sample No. 
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Evaporation temperature, °C 
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Growth temperature, °C of substrate 
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Rate of deposition, mm/h (mass transfer, g/h) 
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Structure, average size, grain, mm (orientation parallel to substrate) 
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Bending strength, MPa (orientation to plane) 
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Transmittance after irradiation (d = 3 mm) 
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Single crystal from milk 
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Polycrystalline 
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Single crystal 
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Coarse-block, single-crystal 
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(57) M3o6peTew« othgchtc* k texHonorvw nony- 



He»w ormweocMX Maiepwane^ npoapanHwx a ynb- 
Tpa(t>«oneT080K bhammom h HH<t>paKpacHOti o6nac- 
thx cnocTpa, a memo ocoGohhctux Taepflwx 
KpMCramoB ^tophaob taen0HHO3emienbHi>ix m pej*- 
K03eMenbHux Meranrx* b Hacwocw (JuopHna 
war»ei Cnoco6 awwacT xarpes mcxorhoto Ma- 
repnaia ero Bacyyimoe ncnapewe npu rewnepa- 
Type 1200 - 1300°C co CKopoowo oca*Ae»w 
ocHcaHoro KpMcranmmacoro Betueaaa 0.6 - 2,4 
**n Ha noAHWKKe. HarpeToS flo 1100 - 1180*C 
KOTopan BuramteHa io aMopcfcnoro wmepwana 
Hanpw*ep ncam to ymepoAKoro aonoxHa IToiy- 
neitfcie AaHHfaM cnoco6o« MOKOKpnaannu <JuopM- 
Aa MaHTun opueHTMpo&aHbi a rvtocKOCTH, ofaaqaioT 
noawujefWbWH npoMHoawo m paoHauHOHMH ac*- 
Koawa 2 an <M* 2 nn, 1 ra&i 




H3o6peTetine otmocmtcr k TexHonorMM 
nonyMeHMJi onTMMecKwx Maiepiia/ioB, npospas- 
hwx b ynbTpatfrwo/ieTOBoa (Y<J>) bma«moA m mh- 
♦paxpacHoa (MK)o6/iacT«x cnexTpa, a mmghho 

K nOflyMGHMK) OC06CMMCTWX TBepflWX Kpiicra/i- 5 
IlOB 4>TOpMAOB meS10MK03eMe/1bHUX M P6AKO- 

3eMe/ibHwx MeTa/inoB. b ^acTHocm drroDwia 
MdrHMfi (MgF^). 

K onTMMecxMM KpwcTan/jMHecKMM MaTepw 
a/ian npeflMB/uiioTCJi c/ieAy»oiuiie rpe6oBa- 10 
hma: 

Bbicoxoe nponycxamie b y<D- t bmammoA m 
HK-o6/iacTflx cnexTpa; 

Bwcoxaq MexaHMHecxa» npoMHOCTb; 
BfaicoKan ycTO«MMBOCTb r aneirrpoMdrHMT- 15 

HOMyM >H!3/»yMeHMIO; 

3aAaHHa» opwcHTauwp OTAe/ibHbix ynacT- 
•cob KpMCTaninmecKMx o6pa3qoB. 

M3BecreM cnoco6 BupamMBaMfl KpwcTan- 
/iob me/ioMM03eMe/ibHbix m peAicoaeMe/ibHbix 20 

^TOPMAOB. BK/IIOMaiOmM* HarpeB MCXOAHOTO 

MaTepwa/ia - BucoxoMwcioro nopotuxa Ma- 
npwMep <|>TopiiAa Marmw, ao TeMnepaiVpbi, 
Bbiuie TeMnepaTypu nnaB/ieHnq AaMHoro 
Tepiiana. B new co3AaiOT nocTORHHwft norax 25 
<f>TopMcrroro BOAopoAa. Twre/ib c pacruiaaoM 
MeAneHMo npoAawraiOT c KOHTpo/wpyeMoft 
cropocTbio nepe3 06/iacTb MaxcMMa/ibHoro 
rpaAweHTa reMnepSTyp b 30My xpucTan/iwaa- 

IIMM. MOHOrnurTannuuai«i/i<n kA~v 
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■ i'o«ncnid icMiieparyp a 30Hy KpnCTan/iM33- uua u ""»*" "«Huuixooopa3 

Umm. MoHOKpMcran/wecoiA MgF 2 . nonyMen- 30 ^^J*™ 7 ^ 1 ^""* * T °P M A MarHMn 
huh A9HHUM cnocoeoM. o6,aflaer bucoxhm .T TeMne P aT VP* 



huh ashhum cnoco6oM. o6/iaflaeT bucokmm 
nponycKaHMeM a Yd)-, bmahmoh b MK-o6na- 
cmx cneKTpa. B cbash c Ha/»nmteM 6o/ibiuoro 
TeMnepaTypHoro rpaflweMTa b 30He pocTa - 
nopBAKa 400°C 3aroTOBicM nonyiaxwcii 6/iom- 
humm c npon3Boni,HOM opMeMTaMHew II Heo- 
flMopoflHWMw no HanpnxceHHdM BHyTpw 
Maiepwwia. KpoMe Toro, b xjfle BupauwBaHUfl 
He Vfla/mioTc» TpyAHo;ieTyMwe npMMecM. xoio- 
pue HepaBHOMepHo pacnpeAenniOTCB no Ha- 
npa B neHMK) pocTa xpncTa/i/ia. 3to npuBOflMT r 

HeflOCTaTOMHOM paflWaUMOHHOfl cto*xoctm 

KpMCTanna. 

M3BecTeH cnoco6 omhctkm 4>topmaob ny- 
TeM B03roHKM HarpeToro b rwaTWHOBOM TMrne 
ncxoAHoro MaTepna/ia b noToxe cyxoro *Topn- 
CToro BOAopofla. flaHHua cnoco6 He o6ecne _ 
HMBaeT no/iyHewe 6onee mwctux 4>tophaob h 
oonee oahopoahmx MOHoxpwcTa/uioB. Tax xax 
KMcnopoACOAepxcamwe cocamhchhb noABep- 
rawTCB 4>TopMpoBaMMio h ocaxywiOTCR b 3 OH e 
pocra. Cnoco6 He np M MeHHM Ann nonyneHMB 

MgF 2 C BWCOXOH CXODOCTbK) pocTa. 

Han6o.iee 6nn3KMM k sananeHHOMy no 
rexHonoumecxoMy npoueccy. no coBoxynHo- 
ctm cyiuecraeHHux npusHaxoa nBn*en* cno- 
co6 nonyMeHM» ontHMecxoro aneMeHta 
BxnioM3X3mnfl HaneceHMe Ha HarpeTyio nor* 
noxcxy nyiew Bavyy M Horo McnapeHMn np fl Ba- 
PMTe/ibHo npoxa..eHHoro cy/ib<t»MAa umhm 



0 10 m«/ 6 np060 «" T co cxopoctho 0,02- 
UoHOeo'cr, T6Mne P aT VPe Hcnapen^ 
850»r nl TeMn epaType now*™ 650- 
H50 C. noAflo^xa BbinoflHeHa M3 noflMxow- 

!f ft ? 3fleM eHT B BHA6 AMCX8 C SamHTHUM 

cnoeM Ha cyn^ Aa ^„ Ka c eucoxoft TaiwT 

HOCTbK) 33UIHTU 3fleMe „Ta R PM P a6o T e B »t 

6n a ron PM «THb,x noroAHux ycJoaESx 

M * n °" MC8HHM< » TexHonorMHecxH* npouecc 

h«x mot^I 3 <t,T °P lv » 0B ««eiioMH03eMenb- 
hux MeTan/ioB, b mbcthoctm MqF 2 na-aa 

SS5" U, ° r ° r ^ MeHT a^nepa^pta; 

3aAaHefl M3o6peTeHM» nwiaeTca bosmojk- 
hoct,. noayMeHMB MOHoxp M cTaa, OB J? 0 p°Aa 
MarHiiR c noBbimeHHoa npoHHocTbK>J paaS- 
Mhoh„ 0( , cTo^xocTbK, Marepnaaa. a "21 
opMBHTHpoBaHHoro b naocxocTM xpMcranVa 
^ R 7 aKa " 3aflaMa P eu,ae TC« c noMombK) cno- 
ton^Vn 9 "* """v™™ « HarpeBanl £ 
xoAHoro Marepiiana. ero Baxyy MH o M 
McnapeHMn c perya M p ye Mo M cxopocrbx, «a °a 
rperyx, noflnoxxy m b xoto P om a orn^Z 0T 

rSZ ™* B Ka,4eCTBe MCX °AHoro MarepMa na 
cooTBeTCTBeHHO WC noab3yK)T nopomxooepaa 
Mnw KpMcranaMMecxMrt ^topma Marin 
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DGHiin 12nn-iinnol' ,BM "epaType ncna- 
S«a n J« 00 C co «°POCTbio oca^Ae- 
hmj, ocHOBMoro xpMCTaanimecxoro BemecrBa 
(pocra xp MC Taaaa)0.6-2.4 mm/m Ha noAno" Ke 

o6pa 3 Ho McnoabaoBaTb noAao^xxy M3 aMop*- 
Horo warepnaaa. Tsxhm M aTep M anoM woier 
BbiTb TxaMb H3 yrnepoAHoro BoaoxHa. 

B03moxho petueHiie nocTanaeHHo* aaAa- 
M c M cnoab30BaHMeM noAno*xn M3 toro )xe 
KpHcia/rnHMecxoro Marepwaaa. hto h Bb.pamn- 
BaeMbift xpiicTann c 3a A aHHOH opweHTauneft. 
MaroTOBneHiie *e noAnoacxw M3 iMopdHoro 
Marepwaaa BBanercn donee npo^TUM h Jeuje- 
b«m cnocoeoM TaxnH warepMaaoM MO)xeT 
6uTb xepaM M xa (AlaOa). a M op«|,Hb.e MeTaa/,b. 

« aH H«M cnoco6oM noayMaeTcn oco6o- 

npoHHwft m paAwaunoHHO ctorkmR Marepna/i 
3a weT coaAaHHfi 6e3Ae<t»exTMo<» CTpyxTvobi 
coAepxamen .anamueabHo Menbiue npZ* 
ce». a sacTHOCTM oxcmaob. <J.Top*iAOB ( xap6n- 
T n OmiCTxa ocHOBHoro aemecTBa 
AOCTwraeTcn aa cmbt McxaiOMeHMa np MM ece M 
pasHoft creneHM neTyMecTM. rax xax ocHOBHoe 
aemecTBO o6naAae T 6onbuie M CTeneHbio neTy- 
TJ? no OTHOQieHMio x yxaaaHHUM np MM ecnM 
nonyMBHHbJft MOHoxpwcTa/jn MMeeT opu- 
eHTauHx, B naocxoc™ (110). nepneHAHxy/mp- 
ocw Pocra. mto AocTMraeicn nyreM 
peanMsaqMM Ha M 6oa BuroAho* c aHeprern- 
tecxoM tom km 3peHnn xpiiCTaa/iHMecxow opu- 
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enraiuiw npw ocaxtAenMM BemecToa M3 na- 
pa b 30HC Manoro T^MneparypHoro rpaAwen- 
Ta (AT-20 200° C). a taicxce Mcnonb30BanMP 
noAno*™ M3 aMOp4>Horo Maiepwana. AMop<fr- 
hum MaTepwan He B3awM0Aev»CTByeT c <J>Topw- 
aom MarHnw , He ora3MBaeT na pacTymw* 
KpwcTann sHepreTwecxoro bo3A6wctbmh, tsk 
ok oTcyTciByioT cm/im Aa/ibHero nopnAKa. 

R/iocicocTb cna»HHOCTM MOHOKpwcTanna 
nepneHAWKy/iBpna noAno*xe, mo Haw6o/iee 
BwroAHO Ann opweHTauwM icpucTanna othocm- 
TenbHO noA/ioxcKM c aHeprenmecxo* tomkm 
3peHMfl.. 

YxassHHbi* TeMnepaTypHww pexcMM bb/ib- 
eTC» onTHMa/ibHWM a*» nonyMeHM* mohokpw- 
CTan/ioB <l>TOpMAa msthmh bucokoto 
onTvmecKoro xaMecTBa. opweHTMpoaaHHoro b 
n/tocKoc™ (1 10). CKopodb KOHAeHcauuM noA- 
6wpaeTC» m ynpaB/weTca axcnepiiMenTanbHO. 
TeMnepaTypHwe pe*MMw noAo6paH« axcne- 
pMMeHTa/ibHUM nyieM c noMOiubtt xoncTpyx- 
umh KbHTeflHepa. cooTBeTCTByioiuefl 
ycTdHOBKH HarpeaaTenJi. axpanoe. Tepiwionap. 
ripw 3tom noAAOxoca MoxeT pacnonaraTbC* 
k3k b HenocpeACTBeHHOM 6/im30Ctm ot 3arpy- 
xenHoro cwpbsi. Tax w b MaxcviMaAbHOM yAa- 
neHMM ot nero. cocTaBA»K>meM 2.5 AwaMeTpa 
•coHieMHepa, mto o6ecneMMBaeT hco6xoawmum 
TeMnepaTypHbtvi rpaA*eHT. Oahsko sto pac- 
cTo«Hwe He aoaxho npeBwuiaTb yxa33HHua 

MaKCMMyM, T3K KdK B OpOTMBHOM C/iyHae 3T0 

aeAeT k 3arp«3HeHMK) ocHOBnoro BeiuecTBa ot 
cTenoK KOHTeftnepa. , 

Ha<|>nr. 1 M3o6paxeH o6mwft bwa wcnapw- 
TenbHoocaAMTeiibHOw ycTaHoaxw, KOTopa* co- 
Aep*nT KOHTeftHep 1 c KpwujKOft 2. noA 
KOTopofi c noMOiubio npwacwMHoro iconbua 3 
vKpennena noAAOxcxa 4. Ha POAAOXtxe 4 o6pa- 
3yeTca mohok pwcTa/i n 5. McxoAHoe cupbe 6 
noMemaeTC» Ha A**e xoHTewnepa 1. xoaxcw- 
a/ibHO KOTopoMy b HenocpeACTBeHHOft 6aw30- 
ct m ot ero CTenoK pacnoAOxceH narpeaaTeiib 7. 
3xpaHu 8 oxpyxcaioT xoHTefmep 1 c narpeaaTe- 
neM 7. C napyxHOfl ctopohw A**a xoHTetfHepa 1 
ycTaHOBneHa TepMonapa 9 Ana HarpeBaHwa mc- 
xoAHoro Maiepwana 6, a b6am3m noAnoacxM 5 b 
deHKe KOHTeflHepa 1 ycraHOBAeHa TepMonapa 
10 Ann pa3orpeBaHwa noAAOxtxM 4. 

Ha <J>w\ 2 M3o6pa*eHa aaBMCMMOCTb npo- 
nyciOHUfl MOHOicpucTa/innMecKoro MgF2 ot 
aawhu BOAHbi npw paanMHHfaix A03ax y-o6Ay- 
Menvia KpMBbie (a) m (6) - xapaxTepwcTwxii mo- 
hok pucTanna. nonyMeHHoro npeAAaraeMWM 
choco6om npw o6nyneHMH 1.1 -10 Cy m 
5. 1 10 5 Cy cooTBeTCTBeHHo. a xpuBue (b) m 
(r) - xapaKTepMCTMKM MonoxpucTan/ia, non- 
yneHHoro sbipainnBaHweM M3 pacnnaaa coot- 

BeTCTBeHHO npM Tex Xe 3H3MeHMBX A03W 

;«-M3/iyMeHnn. 



RpeAnarafiMWrt cnoto6 nonyMCHii» mohO- 
KpwcTannon MgF2 ocy«uecTBn»oTc« cneAY»o* 

lUilM 0fip330M. R KB33W3aMICHyiblfi KOHTC^Hep 

; c KpuuiKOfl 2. BunonneHHwri H3 rpa^Kia. 

5 noxpwToro c/ioeM nupoyrnepOA^. aarpyxaioT 
ockoakm nonyneHHoro M3 pacnnaaa 6 4>iopMA3 
MarHMB. B^nnsM xpuuixvi 2 BuyTpw xoMTertne- 
pa c noMOU|bio npu*i*MHoro xonbua 3. ewnon- 
HeHHoro H3 neArpanbHoro Maiepwa/ia, 

10 Hdr.pMMep. rpa4>MTa ycTaHaB/iMBaeTCw noA- 
nox(Ka 4 M3 aMoptf)Horo MaTepnana. nanp^Mep 
Ticanw M3 yrnepoAHoro Bonoxiia. Rpw 3tom to/i- 

U|11Ha TK3HM COCTdB/ISieT 0,8-15 MM C TO/1IHM- 
HO« H HTM 0.5-1 MM. TlC3Hb 6epCTC« 
15 nHporpa«J/MTM3MpOB3HH3JI M3pKM 11 PT. 3aAaH~ 

Hbi* rpaAweHT TCMnepaTyp co3AaioT ( noMe- 
luan KOHieHHep b cooTaeTCTByiomyio o6nacrb 
c^opMMpOBdHHoro Heo6xoAMMbiM o6pa30M 
TeMnepaTypHoro nonii nyTeM noA6opa kohct- 

20 pyKuuM HarpeBaTenB 1* 3KpanoB 8. C6opxa 
rtOMemaeTC* b repMeTM3MpOB3HHyio xaMepy. b 
kotopoR co3Aa»^ saxyyM c noMOtubio <|>opBa- 
xyyMHoro n AM<t>4»y3MOHHoro Mac/iBHbix naco- 
cob. npw K0MH3TH0A TCMnepaType B 

25 ycraHoaice AOCTwranH asb/ichhh ocTaTOMHbix 
ra3oa P=0.1 na. npw TeMnepaType McnapeHMB 
BaxyyM cocTaa/isin sentiMiiHy nopBAxa 1-10 Ha. 
TeMnepaTypHM^ pexcwM 33A3»ot c noMoiubio 
AByx TepMonap 9 m 10. cootbctctbchho pacno- 

30 noxceHHMx okojio 3arpy>*eHHoro ncxoAHoro 
MdTepMana 6 m no/yioxiKM 4. HarpeaaHMe na- 
HHwaioT npw AOCTWKeHWM AaB/ienun P=0,1 Ha 
m npoAOAXcaiOT b TeMenne 8-12 sacoB. flmi- 
TenbHOCTb npouecca McnapeHMn cocTaa/ineT 

35 8-24 m. npw onTMMa/ibHOii cxopocTM ocaxtAe- 
hmb 0.6-2.4 mm/h nonyMaiOT KOMnaxTHuA amck 
MOHOKpwcTaiiAMHecKoro MgF2 to/iimmhom 8-25 
mm. npw 33rpy3xe wcxoAHoro MaTepnana 1 ,5 
xr M3 ockoakob xpwcTa/i/ia 6u/i noiiyneH moho- 

40 xpWCTa/lAMHeCKMW amcx AwaMeTpOM 100 mm w 

TOAIUHHOA 10 MM. 

BneuJHtift bwa MOHOxpucTanna - amck am- 
aMeTpoM 100 x 10 mm c xapaxTepMCTMxaMw; 
nnoTHocTb 3,18 t/cm 3 ; m w k pot Be p aoct b 3,7 
45 rna; nposnoCTb na warM6 55,5 MHa; TpemwHO- 

CTOftXOCTb(Klc)0.9l8rVina ■ M , HTO flOATBtJP" 

xAaeT Bucoxoe xanecTBO nonyMeHHoro 
MOHoxpMCTanna MgF2. 

PeaynbTaTu xohkpcthwx pochmob cseAe- 

50 H u b Ta6Anuy. 143 npMBeAeHHbix b Ta6nnue 
npMMepOB HeonTMManbHUMM bbaaiotcb cneAV 
K)iAHe: hfc 1 -TeMnepaTypw wcnapennfl Mocaxt- 
AenMfl HeAOCTaTOMMM a»» nonyMeHMB 
npoMHoro o6paaua; f^f* 5 m 6 - TeMnepaTypa 

55 McnapeHHB npe&uuiaeT 3a«BneHHbi& pextiM 
npn MdKCHManbHoA TeMnepaType nOAnoxtxw m 
npeBbiuiaeT 3tot ypoeenb. mto npwBOAWT x 
ocaxcAeHMK) xpynMo6noMHwx o6pa3Uos c na- 
pyuieHHOft opMeHTBUweft OTAenbHwx ysacTKoe; 
7 - ananor - M3 pacnnaaa nonyMaetcfi npo- 
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M380/1bHO OpHeHTMpOBaHHblM OTHOCMTe/lbHO 

ocw poda. MMeeT MeHbiuyio npoMHocTb w Me- 
Hee paAnauiiOHHocroeK. mto ocoGehHo 3aMei- 

HO no CHWtteHHK) KO30>(})MUiiertTa 

nponycKaHnq b 06/iacTM 220-280 mkm (cm. 
(t>nr. 2). KpHCTannw. nonyMeHHue b onTMMa/ib- 
hom pe*MMe no 3a*B/ieHHOMy cnoco6y (npw- 
Mepw 2-4) o6naAa»OT 6onee bwcokhmm 

np04H0CTbK) H paAMaUMOHHOft CTOftKOCTbK), 

CTporo opueHTMpOBaHbi nepneHAMKy/iqpHo 
ocw pocTa. 

M3MepeHne ceoflCTea npoaoAw/iM b coot- 

B6TCTBHM C OSlUenpWHHTblMM MeTOAWKaMW. Pa- 

AnamiOHMyio CTofcKocTb onpeAerq/iw, 
W3Mep»» To6pa3uoB nociie 06/iyMeHMn y-M3- 



n^eHMeM ^Co b resent 6-24 m. Ko3o>o>mm M - 
em nponycKaHnq oGpasqoB onpeAennmi c no- 

MOlUbK) CneKTpO<|)OTOMeTpOB CO>-26 n 

HKC-29. OnpeAe/ieHwe mmkpotbcpaoctm h 

TpeiMMHOCTOPlKOCTW HpOBOAM/lH M3 MMKpO- 

TaepAOMepe riMT-3. MwxpoTBepAOCTb onpe- 
Ae/in/iM npw HarpysKe 1H, TpemwHocToftKocTb 
npw 5.6H. npOMHocTb Ha M3rw6 KOHTpo/inpoBa- 
nw MeTOAOM MeTbipexTOMGMHoro M3rn6a Ha 
yHMBepca/ibHof* McnwTaTe/ibHO* Ma luhhg 
H lnstron , \ 06pa3Ubi aw* McnbiTaHM* mscotob- 
/m/iw b o>opMe napanne/ienwneAOB. ri/ioTHOCTb 
06pa3uoB onpeAe/isiiM npn noMomu tmapo- 
CTaTMHecKoro BsseujuBaHMB b To/iyone. 



P* 


• *cn. °C 


T. pOCTA °C 


CcOpOCTfc OCXM 

AeNwn. HM/*t 
(MjcconepeHo- 
ca. r/i) 


Crpyinyw. cpe/um* 
pasMep. aspMa. mm 
(opMenrauMi napa/i- 
MSBhho noAnoMe) 


nposMOOk Ma 
K3i*6 MTU 
(op«eHTauMN 


nponyc*aHne noc/ie o6nysftHH« 
(d - 3 mh) 








nnoc«ocTM) 


1.1 10 s Cy 


5.1 10 5 Cy 


» 
7 
3 
4 

5 

6 


1100 
1700 
1260 
1300 
1350 

1350 


1000 
1100 
1160 
1180 
1180 

1230 


0.0008(0.02) 
0.6(15) 
1.2(30) 
2.4(60) 
7.8(180) 

6.0(150) 


OoAMkpKcranji 
^toNOKPMcraAn (110) 

MONCKpMCTa/UI (110) 

MoHOfpucTaan (1 10} 
Kpyn MOOfl OHM ufl 
MOMOXpMCTa/ia 
KpynMOfiaosMw* 


-0.5H 
5.50 (110) 
6.55(110) 
6.50(110)* 
6.00- (110) 

5.50 -(110) 


0 

25 
63 
60 
60 

60 


0 
20 
55 
50 
50 

50 


7 


MoHfiipnCT«*n 
h$ pjcnr.aw 


M20 


(2-12) 


MOHorpwcTana 
MowatpucTMn (-) 


5.14(110) 


39 


32 



OopMy/ia M3o6peTeHnq 

1 CnOCOB BblPAli;WBAHWa KP14- 
CTA/1/10B H3 PIAPOBOfl 0>A3b1, bk/ik>- 
MaioiMwtf HarpeB wcxoahoi-o Marepwana. 
ero BaKyyMHoe ncnapenwe * c pery/wpye- 
Mofl CKOpoCTbio na HarpeTy© m vioacicy. 
OTnimaioiAM^c» TeM, mto b KaneciBe mc- 
xoAHoro MaTepwana *cno/ib3yiOT nopouiOK 
w/ro pa3APo6/ieHHwe xpwcTaji/ibi <t>TopnAa 
MarHMH. ncnapeHwe npoBOA«T npw TeMne- 
paType wcnapeHM* 1200 - 1300*C co cxo- 

P0CTbK> OC3)KAeHMfl OCHOBHOrO KPMC*a/l/1H- 



MecKoro BemecTBa 0.6 - 2.4 mm/h Ha 
noA/io*Ke. HarpeTofl ao 1100 - 1180'C. 

2. CnocoS no n. 1, o™i/maiomn*OH 
TeM. mto ocaxAeHiie ochobhoco Kpucia/i- 
/iimecicoro BemecTBa nponsBOAflT H a noA- 
no)KKy. Bbtno/iMeHHyio us aMopdmoro 
MaTepnana. 

3. Cnoco6 no n. 2, OT/iwHaioiuiiftc*. 
TeM t 4rb oca*cAeHwe ochobhofo KpwcTan- 
/iimecKoro BewecTsa npon3BOA«T Ha noA- 
/»0)KKy, Bbmo/iHOHHyK) a BMAe 0Tpe3Ka 
TKaHM m yr/iepoAHoro bo/iokh3. 



2041298 




aw 



PeAaKtop r. MenbHMKOBa 



3a*a3 672 



COCTSBMTeilb B. 6e36opoAOB8 
TexpOA M.MopreHtafl KoppeicTOp ; A. ~06pyM8p 



TMpax noAnMCMoe 
HnO TIomcic" PocnaTeHTa 
1 13035. MocKaa, X-35. Payuicicaa hb6., 4/5 



npon3BOACTBeHHOH3AaTe/ibCKM» ko m6hh8t •na TCHr". r. YxttpOA, y<i.rarapMH8. 101 



